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(1)  Interface strain engineering of low-dimensional materials 

Interface strain deforms materials or even causes structural failure, and could dramatically modulate 

the properties of low-dimensional materials and affect their device performance. We investigate 

effects of interface strain in two-dimensional (2D) materials and interfaces. In our systematic studies 

of elastic properties of 2D materials (MoS2, MoTe2, etc.), we probed and controlled the strain-induced 

deformation (buckling) and fracture of these materials. We further engineered different interface 

geometries, including building bimorph structures and asymmetrically roughened interfaces, to 

modulate interface strain and realize applications in high-performance actuators and high-sensitivity 

tactile sensors. 

(2)  Engineering hetero-interfaces for high-efficiency sensing devices 

Heterostructures are fundamental blocks in modern semiconductor devices. Engineering the hetero-

interfaces in heterostructures can not only improve the device performance, but enable new functions 

in devices. We explore a novel type of hybrid heterostructures, i.e., transition metal chalcogenide 

(TMD)/oxide (TMO) heterostructures. We combine the merit of thickness dependence of properties 

in the former and rich correlated electron effects in the latter, to realize high efficiency and multiple 

functions of heterostructural devices. Employing techniques of van der Waals stacking, natural 

oxidization, and direct laser writing, we fabricated a variety of TMD/TMO heterostructures, such as 

vertical WSe2/VO2, vertical NbS2/NbOx, and lateral NbS2/Nb2O5, for dual-mode photodetectors and 

high-sensitivity gas sensors. 

 (3)  Engineering interfaces for materials and devices working in harsh environments 

Emerging applications in artificial intelligence or space exploration usually request materials or 

devices to work in harsh or extreme environments (particle irradiation, high/low temperature, etc.). 

However, low-dimensional materials are less stable due to their high surface-to-volume ratio, and 

thus are not expected to work well in these environments. The key strategy to address this problem 

is interface engineering, which can effectively stabilize the system or generate new nanostructures. 

We found that compared to single-layer material, multilayer graphene and MoS2/graphene 

heterostructure are more “robust” in either elastic modulus or photoluminescence energy under high-

energy particle irradiation owing to interfacial mutual enforcements. Taking advantages of the 

interface van der Waals forces, we also developed a lightweight, solid tape made of carbon nanotube 

films that are capable of working at extreme temperatures (-196℃~1000℃). 
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